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Abstract 
The roselle variety UKMR-2 was used in this study to determine the effect of palm oil mill sludge cake on 
growth of roselle (Hibiscus sabdariffa) grown on Bris Soil. The roselle was planted in the field into polyethylene 
bags filled with Bris soil and POMSC at different rates as treatment. The palm oil mill sludge cake (POMSC) 
was applied at the following rates of 0 (treated as control), 10, 20, 30 and 40 t/ha rates and chicken manure at 20 
t/ha was given as the standard treatment and then left for two weeks to allow for mineralization before sowing. 
Two-week-old seedlings were used as the planting materials. The commercial fertilizers were used at the rate of 
350 kg/ha 
 
for NPK Green (15:15:15) were applied at week 2, 4 and 6 after planting and NPK Blue (12:12:17 + 
TE) at the rate 1120 kg/ha applied at week 8, 10, 12, 14, 16 and 18 after planting. Drip irrigation system was 
used to irrigate the crop. Pesticides were applied when necessary. The results showed that the optimum rate of 
POMSC that provide roselle with better growth performance was at 20 t/ha of POMSC. The results also showed 
20 t/ha POMSC can be used effectively as potential soil ameliorant for commercial roselle planting on Bris soils. 
Keywords: Palm oil mill sludge cake, bris soil, roselle, growth. 
 
1. Introduction 
BRIS (Beach Ridges Interspersed with Swales) is a problematic soil in Malaysia. This soil is distributed 
generously along east coast of Peninsular Malaysia from Kelantan, Terengganu, Pahang and right down along 
the east coast of Johore (Figure 1). Bris soils are the sandy marine deposits which mainly developed along with a 
narrow belt ranging from 3 to 12 km fringing the east coast of Peninsular Malaysia. The estimated total area of 
Bris soils in Peninsular Malaysia is 162,000 hectares and accounts for 1.23% of the total land area (Zahari et. al. 
(1992). The physical characteristics of Bris soil are too sandy, weakly structured, nutrient deficient and low 
water retention capacity, limited ability to support plant growth and having a relatively high soil temperature. 
These characterizations have caused Bris soil unsuitable for agricultural purposes. Attempt had been made to 
utilize this soil for crops production. However Bris soil has a bright potential to be used by agriculture sectors 
through enriching it with suitable soil treatments, after which the land can then be cultivated with varieties of 
crops 
The presence of abundant agricultural residues in Malaysia prompted the need to utilize these wastes to 
overcome environmental pollution. A large portion of these wastes comes from the oil palm effluent. Previously, 
empty fruit bunches (EFB) and palm oil mill effluent (POME) or recently known as palm oil mill effluent sludge 
cake (POMSC) had been used as soil treatments to increase growth and yield of tomato and spinach (Radziah, 
1996), oil palm and other crops (Lim et al., 1983) and fruit trees such as star fruit and sapodilla (Wan Zaki, 
2008). The mix of Bris soils with EFB or POME in a small underground planting hole or upper surface of the 
soil were proven successful in supporting the plant growth. However, inorganic fertilizers still need to be given 
with suitable amount for plant nutrient supports. The benefits of POMSC were it can enhance the ability of 
cation exchange capacity, organic carbon and nutrient in soils and reduce the leaching of nutrients underground. 
It also can reduce the high fertilizer usage and costs. The POMSC has the ability to hold 0.5% N, 0.4% P, 0.5%K, 
0.8%Ca and 0.3%Mg (Othman et al., 1990; Wan Zaki, 2008). 
Roselle is a new commercial crop of Malaysia, where it was reported to have been brought in from 
India. Roselle was first introduced in Terengganu in 1993 by the Department of Agriculture, Terengganu, 
Malaysia. Roselle was introduced into Malaysia only recently as new cash crop and classified as potential crop 
in National Agriculture Policy 3 (1998-2010) and hence, information about its agronomics practice for 
sustainable production is not available or at best, scarce. The new variety (mutant) namely UKMR-2 was 
released by UKM in 2009. The new roselle variety has special characteristics but in general, it has overall 
features of having shorter maturity, medium plant size, reduced plant height, high yield production and better 
calyx features compared to their parent variety Arab and Terengganu (Mohamad et al., 2009). There is a need to 
establish the research data on the respond of crop to palm oil mill effluent sludge cake as soil treatments on Bris 
soil. The objective of this study was to determine the effect of palm oil mill sludge cake on growth of roselle var. 
UKMR-2 grown on Bris soil. 
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Figure 1: Map of Peninsular Malaysia showing BRIS soil. 
 
2. Materials and Methods  
The study area was located at Commodity Development Centre, Department of Agriculture, Rhu Tapai, Setiu, 
Terengganu, Malaysia (5.65˚ to 6.23˚ North latitudes and between 101.95˚ and 102.53˚ East longitudes). The 
mean annual rainfall was high with a total 2784 mm/year in Terengganu (DOA, 2010). 
Roselle variety UKMR-2 was used in this study. Roselle was planted in the field into polyethylene 
bags filled with Bris soil and POMSC at different rates as treatment. The palm oil mill sludge cake (POMSC) 
was applied at the following rates of 0 (treated as control), 10, 20, 30 and 40 t/ha rates and organic manure 
(chicken dung) at 20 t/ha was given as the standard treatment and then left for two weeks to allow for 
mineralization before sowing. Two-week-old seedlings were used as the planting materials. The commercial 
fertilizers were used at the rate of 350 kg/ha
 
for NPK Green (15:15:15) applied at week 2, 4 and 6 after planting 
and NPK Blue (12:12:17 + TE) at the rate 1120 kg/ha applied at week 8, 10, 12, 14, 16 and 18 after planting. 
Drip irrigation system was used to irrigate the crop. Pesticides were applied when necessary. 
Growth parameters were observed and measured. The growth parameter measured were plant height, 
canopy diameter and number of leaves. The data were collected on the field at week 0 after planting until week 
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18 after planting at 2 week intervals. Plant height was measured from the soil line to the shoot tip using 
measuring tape. For plant canopy, each tree was viewed from all sides to determine the side where the canopy 
was widest. Two range poles were erected to mark the extreme edges of the canopy.  The distance between the 
two poles was measured with a measuring tape and recorded as the canopy width (cm).  Leaf number was 
counted when the main veins were first visible.  
The experimental design at field was arranged as a completely randomized block design (CRBD). 
Each block had three replicates per treatment. All data collected were analyzed using SAS statistical program 
(SAS Inst, 1999). Analysis of variance (ANOVA) was conducted and significant differences among the 
treatments were determined using Duncan New Multiple Range Test (DNMRT) at P ≤ 0.05. 
 
3. Results  
3.1 Plant Height 
The average plant height for respective POMSC treatments was tabulated in Table 3.1. Only at week 0 after 
planting the plant height was not significantly different for all treatments. At week 2 after planting, the plant 
height was significantly different at 10, 20 and 40 t/ha POMSC.  
At week 4 after planting significant responses was observed for treatment 10, 20 and 30 t/ha POMSC. 
At week 6 after planting there was no significant difference for all POMSC treatments.   Significant effect was 
observed for treatment 10, 20 and 40 t/ha POMSC. At week 8 after planting the plant height was significantly 
affected at 20, 30 and 40 t/ha POMSC.  
Differential growth in plant height was observed at 10, 12 and 14 weeks after planting. The results 
showed significant growth in plant height at all POMSC rate at week 10 after planting. But at week 12 no 
significant different in growth and at week 14 had significant increased in plant height at the same level of 
POMSC treatment. 
The plant growth at 16 and 18 weeks after planting had no significant difference at 20 t/ha POMSC. 
With respect to the rates of application, 20 t/ha POMSC the tallest plant height compared with other treatments 
which was 123.6 cm. This roselle variety cultivated on Bris soil ameliorated with POMSC showed highest plant 
height compared with roselle of the same variety grown by Mohamed et al., (2009) without soil treatment which 
was 108.7 cm. 
 
Table 3.1: Plant height of Roselle as Affected by Different Rates of POMSC 
Treatment Week After Planting 
0 2 4 6 8 10 12 14 16 18 
           
CONTROL 10.0±0.0
Ha
 13.0±3.1
Hb
 22.4±4.4
Gc
 41.3±8.2
Fc
 60.0±10.4
Ec
 75.6±12.8
Dc
 87.6±11.1
Cc
 94.3±4.2
Bc 
104.5±3.5
Aa 
108.9±3.5
Ab 
10 t/ha 
POMSC 
9.8±0.4
Ia
 14.6±3.3
Ha
 27.5±6.7
Ga
 46.8±6.9
Fb
 65.0±9.9
Ebc
 80.5±12.4
Db
 87.8±8.7
Cc
 99.9±0.6
Bb 
105.4±0.9
Aa 
108.9±3.6
Ab 
20 t/ha 
POMSC 
10.1±0.5
Ha
 15.1±1.4
Ga
 27.5±3.6
Fa
 52.4±9.8
Ea
 71.1±12.5
Da
 93.5±16.9
Ca
 97.4±17.5
Ca
 107.1±3.4
Ba 
109.9±2.6
Ba 
123.6±5.9
Aa 
30 t/ha 
POMSC 
9.9±0.1
Ia
 13.8±2.9
Iab
 25.6±5.0
Hab
 45.6±5.9
Gbc
 68.5±15.1
Fab
 82.4±12.2
Eb
 91.0±13.6
Dbc
 99.3±1.0
Cb 
106.4±5.1
Ba 
113.0±1.8
Ab 
40 t/ha 
POMSC 
9.9±0.3
Ha
 14.9±2.5
Ha
 24.3±5.6
Gbc
 50.0±5.5
Fab
 66.3±8.5
Eab
 80.5±11.6
Db
 92.6±17.9
Cb
 99.5±2.6
Bb
 108.1±6.1
Aa 
113.0±4.1
Ab 
           
A-I – means bearing the same superscript within the same row are not significantly different at 5% level (p>0.05) 
a-c – Means bearing the same superscript within the same column are not significantly different at 5% level 
(p>0.05) 
 
3.2 Plant Canopy Diameter 
Table 3.2 shows the canopy diameter of roselle cultivated on Bris soil with POMSC at different rates. However, 
the significant result was observed at 10, 20 and 40 t/ha POMSC for week 2 after planting and at 10 and 20 t/ha 
POMSC for week 4 after planting. In addition, at week 6 after planting, only 10 t/ha POMSC had no significant 
difference in canopy diameter.  
At week 8 after planting showed significant responses at all POMSC treatments. At week 10 after 
planting, plant canopy diameter was significantly affected at 20 t/ha POMSC. 
At week 12 and 14 after planting, plant canopy diameter at 20 and 40 t/ha POMSC had significant 
different at week 12, while at week 14, only at 20 and 30 t/ha POMSC had significant difference. While, at week 
16 after planting, plant canopy diameter was significantly different at all POMSC treatments. 
At all stages (week after planting), there was significant response to canopy diameter in application of 
all POMSC treatments but 20 t/ha POMSC showed the highest responses in this variety. With respect to the rates 
of application, based on week 18 after planting, 20 t/ha POMSC give the biggest canopy diameter which was 
74.5 cm.  
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Table 3.2: Canopy Diameter of Roselle as Affected by Different Rates of POMSC 
Treatment 
 
Week After Planting 
0 2 4 6 8 10 12 14 16 18 
           
CONTROL 4.0±0.0
Ia
 14.1±5.5
Ib
 14.5±5.2
Hc
 29.4±10.5
Gc
 37.4±7.6
Fc
 41.1±6.2
Eb
 48.9±4.9
Db
 53.3±1.5
Cc 
58.0±2.9
Bc 
62.6±1.8
Ab 
10 t/ha 
POMSC 
4.0±0.0
Ha
 16.6±5.3
Ga
 16.6±3.7
Gb
 29.6±7.1
Fc
 41.1±8.5
Eb
 42.1±6.8
Eb
 48.1±14.7
Db
 55.5±3.1
Cbc 
63.6±1.8
Bb 
73.6±2.2
Aa 
20 t/ha 
POMSC 
4.0±0.0
Ia
 17.1±3.9
Ha
 20.5±4.3
Ga
 35.5±3.8
Fa
 45.4±4.8
Ea
 45.4±5.1
Ea
 52.9±5.3
Da
 61.0±1.6
Ca 
68.0±3.7
Ba 
74.5±2.7
Aa 
30 t/ha 
POMSC 
4.0±0.0
Ha
 13.0±6.6
Gb
 16.0±5.6
Gbc
 32.8±8.1
Fb
 40.5±7.8
Eb
 43.0±6.3
Eb
 50.5±12.7
Dab
 58.9±3.8
Cab 
64.1±2.0
Bb 
72.6±4.8
Aa 
40 t/ha 
POMSC 
4.0±0.0
Ha
 16.5±4.0
Ga
 15.0±4.6
Gbc
 32.8±7.7
Fb
 41.5±5.2
Eb
 41.1±5.6
Eb
 51.5±3.9
Da
 56.9±3.0
Cbc 
67.3±2.5
Bab 
73.3±2.8
Aa 
           
A-I – means bearing the same superscript within the same row are not significantly different at 5% 
level (p>0.05) 
a-c – Means bearing the same superscript within the same column are not significantly different at 5% 
level (p>0.05) 
 
3.3 Number of Leaves Per Plant 
The number of leaves per plant for respective POMSC treatments was as shown in Table 3.3. The number of 
leaves per plant was significantly different at all POMSC rate at week 4, while at week 2, only POMSC at 30 
t/ha showed no significant difference.  
The number of leaves per plant on POMSC treatments performed better than control. With respect to 
the rates of application, based on week 4 after planting, the highest number of leaves per plant was recorded 
from 20 t/ha POMSC which was 32.50. The results showed that Bris soil ameliorated with POMSC treatments 
promoted the plant growth of roselle varieties in terms of leaves number. This result indicates that the condition 
of POMSC to Bris soil increase Bris soil health which increase the leaves number per plant. Thus, the best 
application of POMSC onto Bris soil was application of POMSC at the rate 20 t/ha POMSC. 
Table 3.3: Number of Leaves of Roselle as Affected at Different Rates of POMSC 
Treatment   Week After Planting  
 0 2 4 
    
CONTROL 4.00±0.00
Ba 
8.75±0.46
Bd 
26.38±1.69
Ab 
10 t/ha POMSC 4.00±0.00
Ba 
11.63±1.06
Bc 
30.00±0.93
Aa 
20 t/ha POMSC 4.00±0.00
Ca 
19.13±1.13
Ba 
32.50±2.67
Aa 
30 t/ha POMSC 4.00±0.00
Ba
 9.50±0.53
Bd 
32.00±2.00
Aa 
40 t/ha POMSC 4.00±0.00
Ca
 14.50±1.51
Bb 
30.75±0.71
Aa 
    
A-C – means bearing the same superscript within the same row were not significantly different at 5% 
level (p>0.05) 
a-d – Means bearing the same superscript within the same column were not significantly different at 
5% level (p>0.05) 
 
4.0 Discussion 
4.1 Plant Growth Performance 
Generally, plant growth performance in terms of plant height, canopy diameter, number of leaves were 
influenced by the application of POMSC as soil ameliorant. The plant growth performance of roselle was 
significantly different at all POMSC rates. These results indicated that the condition of POMSC in Bris soil 
increased Bris soil health and thus increased the plant growth performance. Plant growth performance fairly 
increased in POMSC rates from control to 20 t/ha and higher POMSC rates adversely affected these important 
plant growth performance.  
Meanwhile, the plant growth performance of roselle cultivated on Bris soil without POMSC (control) 
was statistically lower because Bris soil is poor in cation exchange capacity and water holding capacity. Thus, 
the nutrients and other chemicals may be leach or move downward with water more rapidly (Roslan et al., 2010). 
Thus, the application of POMSC might improves the formation of water stable aggregate and thus will improve 
soil permeability and aeration (Wortmann and Shapiro, 2008), increase nutrient and water holding capacity 
(McConnell et al., 1993; Gallaher and McSorley, 1994; Karlen and Stott, 1994), and affects the infiltration rates 
and total quantity of water in the soil as well as evaporation from the soil surface (McConnel et al., 1993). 
According to Radziah (1996), the improvement in soil structure subsequently stimulates root growth for better 
absorption of nutrients and water. 
The degrees to which these additional benefits occur were determined by the quantity of POMSC 
applied and its decomposition rate. Amelioration of BRIS soil with 20 t/ha POMSC treatment gave highest plant 
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growth performance compared to control and other rates for roselle. The ameliorated Bris soil becomes more 
productive and for plants to grow better. Thus, the best application of POMSC onto BRIS soil was application of 
POMSC at the rate 20 t/ha. 
According to Abo-Baker and Mostaffa (2011) the sufficient nutrients supplemented proved to be 
significant which showed its importance in vegetative growth of roselle. The lack of significance at the initial 
growth stage may be due to time lag for the roselle root system to develop sufficiently to take up the available 
nutrients in soil solution, urea being a highly soluble fertilizer is well known that the chemical fertilizers promote 
plant growth through the role of nitrogen in protein synthesis and increasing merismatic activity (Abo-Baker and 
Mostaffa 2011).  
Previous study by Radziah (1996) reported that application of 1 to 21% decomposed palm oil mill 
(POMeal) increase the plant growth of tomato and spinach grown on sandy soil. Besides, soil NPK contents, pH, 
electrical conductivity also increase with increase in POMeal levels. According to Chan et al., (1981), the use of 
POME has been shown to improve soil productivity and increase the yield of crops as well as contribute to better 
root health by improving the soil structure. Application of POME to soil has been shown to increase the growth 
of oil palms and other crops (Lim et al., 1983). An increase in crop yield on the order of 10 to 24% has been 
reported (Lim et al., 1983). Land application of POME has also been shown to improve soil physical, chemical 
and biological properties (Radziah, 1996). Teoh and Chew (1983) have further shown that mixtures of soil and 
POME in a ratio of 1:5 resulted in more vigorous growth of cocoa seedlings and decreased nursery rotation 
without the addition of supplementary fertilizers.  
With the help of organic matter consisting of peat and sludge from POME, Shamshuddin et al., (2004) 
confirmed that aluminium toxicity towards the growth of cocoa seedlings on acid sulfate soil could be reduced to 
a certain extent.  Agamuthu (1994) stated that the application of POME alone as fertilizer provided the highest 
yield of Napier grass (Pennisetum purpureum), up to 3276 kg/ha as a result of POME containing almost all the 
major and minor elements required for its growth (Agamuthu et al., 1992). 
Meanwhile, the current study shows that the addition of high rates of POMSC of 40 t/ha POMSC has 
decreased the plant growth of roselle.  Application of high rates of POME has been proven to inhibit the growth 
of several plant species. This effect could be due to the unfavorable physical, chemical and biological properties 
of POME or the unfavorable soil properties that arise as a result of POME application. Previous studies with oil 
palm seedlings indicated that the presence of high lipid and volatile substances in POME could cause clogging of 
soil, which subsequently will inhibit growth of plant roots.  
This also could be due to soil compaction which reduces to circulate the air in the root zone. It also 
increases water runoff. Furthermore, the filling pores with water with restrict the movement of gases even further, 
and it is the reason that waterlogged soils often become anaerobic (Anon, 2012). This is in agreement with Mohd 
Nazeeb et al., (1994) who reported that the addition of high rates of POME has been proven to inhibit the growth 
of several plant species. This effect could probably be due to the unfavorable physical, chemical or biological 
properties of POME or the unfavorable soil that arise as a result of POME application. Earlier studies with oil 
palm seedlings indicated that the presence of high lipid and volatile substances in POME could cause clogging of 
soil, which subsequently will inhibit growth of plant roots. 
 
5.0 Conclusion 
The results demonstrated that POMSC rates enhanced plant growth until a certain levels, as indicated by the 
enhanced plant height, canopy diameter and number of leaves at 20 t/ha POMSC rate, plant growth were 
maximum and at control (0 t/ha POMSC), the value of these parameters were minimum, indicating the potential 
beneficial application of POMSC to the Bris oil for better growth of roselle. Thus, the optimum rate of POMSC 
that provide roselle with better growth performance was at 20 t/ha. The above advantages imply that 20 t/ha 
POMSC can be used effectively as potential soil ameliorant for commercial roselle planting on Bris soils. 
 
Acknowledgements 
The authors would like to thank Universiti Malaysia Terengganu for giving permission to publish this paper. 
 
References 
Abo-Baker, A.A. and Mostafa, G.G. 2011. Effect of bio and chemical fertilizers on growth, sepals yield and 
chemical composition of Hibiscus sabdariffa at new reclaimed soil of South Valley area. Asian Journal Crop 
Science, 3(1): 16-25. 
Agamuthu, P., Sivaraj, S. and Mukherjee, T.K. 1992. Agronomic and nutrition studies using Napier grass 
(Pennisetum purpureum) as folder for goat and sheep grown with palm oil mill effluent (POME) fertilizer. In: 
Lokeshwar, R.R. and Kumar, A.T. (Eds.) editors. Recent advances in goat production, 5
th
 International 
Conference on Goats. New Delhi, India. 658-693. 
Agamuthu, P. 1994. Composting of goat dung with various additives for improved fertilizer capacity. World 
Journal of Biology, Agriculture and Healthcare                                                                                                                                www.iiste.org 
ISSN 2224-3208 (Paper)  ISSN 2225-093X (Online) 
Vol., No.6, 2015 
 
39 
Journal Microbiology Biotechnology, 10: 194-198. 
Anonymous.Texas A&M University.http://organiclifestyles.tamu.edu. Review on 24 July 2012. 
Chan, K. W.  Watson, I and Lim, K. C. 1981. Use of oil palm waste material for increased production. The 
Planter 57: 14-36. 
Department of Agriculture (DOA). 2010. Ministry of Agriculture and Agro-Based Industry, Putrajaya, Malaysia. 
Gallaher, R.N., and McSorley, R. 1994. Soil water conservation from management of urban plant debris compost 
in a farmer’s corn field. Agronomy Res. Rpt AY-94-02.Agronomy Dept., Institute Food and Agriculture Soil 
University of Fla., Gainesville, FL. 
Karlen, D.L., and Stott, D.E. 1994. A framework for evaluating chemical and physical indicators of soil quality. 
In: Doran J, Coleman D., Bezdicek, D.F., Stewart, B.A. (Eds.) Defining soil quality for a sustainable 
environment. SSSA special publication no. 35. SSSA, Madison, Wis. Pp 53-72. 
Lim, K.H., Wood, B.J., Lai, A.C., Wan Sulaiman, W.H. and Mohamed, S. 1983. Land application of digested 
POME supernatant on oil palm using a flatbed system. Proceedings Seminar on Land Application of Oil Palm 
and rubber factory effluents eds. Lim, K.H., Bachik, A.T. and Poon, Y.C. KL: Malaysian Society of Soil Science. 
163-169. 
McConnell, D.B., Shiralipour, A., and Smith, W.H. 1993. Compost application improves soil properties. 
Biocycle, 34: 61-3. 
Mohd Nazeeb,  Lim, K. H., Leong, S. G.  and Ho, C. Y. 1984. Trials on the effect of rubber factory effluent on 
oil palm, In Proceedings of Seminar on Land Application of Palm Oil and Rubber Factory Effluents, (Eds.) K,H. 
Lim, Abu Talib Bachik and Y.C., Poon, Kuala Lumpur: Malaysian Society of Soil Science. p 61-69 
Mohamad, O., Ramadan, G., Halimaton Saadiah, O., Noor Baiti, A.A., Marlina, M.M.,Nurul Rahainah, C.M., 
Aulia Rani, A., Elfi, K., NurSyakireen, I., Salwa, A.S., NurSamahah, M.Z., Zainal, M., Mamot, S., Jalifah, L., 
Aminah, A., Golam, F., Ahmad Bachtiar, B., MohdNazir, B., MohdZulkifli, M.Z., Abd. Rahman, M., and Zainal, 
A.A.  2009. Development of three new varieties of roselle mutation breeding. Oral papers: Genetic Resources 
and Breeding. Proceeding of the 8
th
 Malaysia Congress on Genetics. p. 65-70. 
Othman, A.B., Aminuddin, Y., Abdul Rashid, A., Abdul Aziz, B. Lee, C.S. and Lim, S.P.1990. Recent approach 
to fruit tree cultivation on sand tailing. Seminar Kebangsaan Ex-mining land and Bris soil- prospect and 
perspective, 15-16 Oct. 1990. Kuala Lumpur. 
Radziah, O. 1996. The phytotoxicity of palm oil mill effluent, its degradation and effect on plant growth. Ph.D 
Thesis, Universiti Putra Malaysia, Malaysia. 
Roslan, I., Shamshuddin, J., Fauziah C.I. and Anuar, A.R. 2010. Occurrence and properties of soils on sandy 
beach ridges in the Kelantan-Terengganu Plains, Peninsular Malaysia. Catena.83: 55-63. 
SAS Institute. 1999. SAS User’s Guide: Statistics. SAS Inst., Cary, NC. 
Shamshuddin, J., Muhrizal, S., Fauziah, I. and Husni, M.H.A. 2004. Effects of adding organic materials to an 
acid sulfate soil on the growth cocoa (Theobroma cacao L.) seedlings. Science Total Environment, 323: 33-45. 
Teoh, K.C. and Chew, P.S. 1983. Use of palm oil mill sludge cake in oil plam and cocoapolybag nurseries. In: 
Lim, K.H., Bachik, A.T. and Chin, P.Y., (Eds.). Proceeding Seminar on land application of palm oil mill and 
rubber factory effluent. Kuala Lumpur Malaysian Soil Science Society.142-162. 
Wan Zaki, W.M. 2008. Palm oil mill sludge cake (POMSC) is effective in improving the performance of flue-
cured tobacco grown on bris soil. Buletin Teknologi Tanaman. Bil. 5: 47-53. 
Wortmann, C.S. and Shapiro, C.A. 2008. The effects of manure application on soil aggregation. Nutrient Cycle 
Ecosystems, 80: 173-80. 
Zahari, A.B.M., Wahab, N.A., Chang, T.C. and Rahim, M.A. 1992. Distribution, characterization and utilization 
of problem soils in Malaysia-a country report. Tropical Agriculture Resources Series, 15: 41–61 
 
The IISTE is a pioneer in the Open-Access hosting service and academic event management.  
The aim of the firm is Accelerating Global Knowledge Sharing. 
 
More information about the firm can be found on the homepage:  
http://www.iiste.org 
 
CALL FOR JOURNAL PAPERS 
There are more than 30 peer-reviewed academic journals hosted under the hosting platform.   
Prospective authors of journals can find the submission instruction on the following 
page: http://www.iiste.org/journals/  All the journals articles are available online to the 
readers all over the world without financial, legal, or technical barriers other than those 
inseparable from gaining access to the internet itself.  Paper version of the journals is also 
available upon request of readers and authors.  
 
MORE RESOURCES 
Book publication information: http://www.iiste.org/book/ 
Academic conference: http://www.iiste.org/conference/upcoming-conferences-call-for-paper/  
 
IISTE Knowledge Sharing Partners 
EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 
Archives Harvester, Bielefeld Academic Search Engine, Elektronische Zeitschriftenbibliothek 
EZB, Open J-Gate, OCLC WorldCat, Universe Digtial Library , NewJour, Google Scholar 
 
 
